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ABSTRACT 



A method and apparatus for oontroUing accesses to DMA 
control registm, specifically cperatiDg aooccding to a Dis- 
tributed Direct MemcHy Access G^DMA) psotoooL When an 
access to a peripheral device ends in a Master Abon due to 
the foihire cf tiie peiq)heral device to respond to the DDMA 
Master oonqwnent daring a DDMA transaction, a System 
Management Intenupt (SMI#) is generated to the central 
processing unit In the resulting execution of the System 
ManagcmcDt Mode code by the CPU, the cause of the 
peripheral con^ranent not responding (e.g., that the periph- 
eral is in a low power mode, the connection between the 
DDMA master and tiie per^hcral is intecnipted, etc) is 
d^omined. The C3^, executing SMM code, talEcs steps to 
conrect the prohlenL F^ example, if the pa^^^iaal is pow- 
ered down, the CPU will power it iip so that the DDMA 
transaction can subseq^ntiy occur. Alternatively, when 
BIOS is used to power down a per4)henl device, the DDMA 
Master compoaiciit can determine the peripheral's power 
stains prior to trying the DMA access, ff fiie peripheral 
device is powered down, the DDMA Master oonqranent 
issues an SM(# to die CPU to cause the pcr^eral to be 
powered iq) prior to the DDMA transactioa 

24 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR POWER a DMA transfer. The pcdpheial device (e.g., bus master 18) 

MANAGEMENT OF DISTRIBUTED DIRECT ^en initiates a DMA transfer by sending a request to the 

MEMORY ACCESS (DDMA) DEVICES DMA oontrdlcr in bridge circuit 15. The DMA controller 

then obtains bus access and controls the DMA transfer 

BACKGROUND OF THE INVENTION 3 between main memory 11 and the per^eral 18 without 

^ further intervention by the CPU 1. 

Thei^nt mventionpotams to amethodandappara^ ^ enhancement to the DMA system described above is 

formanagmgperiptealdcWces^ the Distributed Direct Memory Access (DDMA) system. A 

pamculariy, to a method and apparatus for managmg power p,^, ^ ixnpiemcnting DDMA for bus systems such as 

wnsumpuon of peripheral devices whu^ a PQ bus systii has been promulgated by Coinpaq Com^ 

Distnbuted Direct Mcm«y Access (DDMA) environment. Corporation and oth^ ^ed 'TOsti&uS^DMA 

The DDMA environment is an inqrovcmcnt over the Sun)oft for PCI Systems" Revision 6.0, Sep. 1, 1995, the 

well-known Direct Memory Access PMA) environment disclosure of which is hmby inaxporated by reference in 

shown in FIG. 1 with a Per^eral Cosiq)onent Inteiconnect its entirety. In contrast to the DMA system, in a DDMA 

(FO) addtcoarc In a PQ architecture, such as Revision ^3 system, the independent, standard {sogramming moda Bus 

Zl promulgated by Intel Corporation, Santa Clara, Calif., Master dunnels are distributed amcxig peripheral devices. 

1995, CPU 1 is CGupled to a host bus 3 comprising signal In other w<xds, registers associated with individual DMA 

lines for control, address, and data inf conation. Afirst bridge channels which nccmally reside in the DMA controller in the 

circuit (also called a host bridge or North bridge circuit) 5 is DMA system described above can pby sically reside outside 

coupled between the host bus and the PCI bus 7 conqvising 20 <tf the DMA oootroller in the seccod txidge circuit 15. R]r 

signal lines for control hif(Hmation and address/data infor- exanqile, they reside in VO devices coupled to the PCI bus 

mation. The Inidge circuit 5 contains cache controller ctr- 7. The effect is that at the beginning of a DDMA transaction, 

cuitry and main wcmfxy amtrollcr draritiy to control the CPU 1 aStecapts to access registers associated with a 

accesses to cadie memory 9 and main memory 11. Data distributed DMA channel, and a DDMA Master con^onent 

from the main memosyll can be transferred to/fromtbe data 23 (not shown in FIG. 1) transit (or redirects) the Fa VO 

lines of the host bus 3 and the address/data lines of the PCI reads and writes to the DMA VO rfmnnrf into reads and 

bus 7 via the first bri<^e drcuit 5. A phiraliflr of perq)heral writes to a DDMA Slave (eg., an audio pcdphoal device), 

devices PI, P2, ... arc coupled to the PQ bos 7 which can F^ this DDMA protocol, the DDMAMastcr oon^nent is 

be any of a variety of devices such as a SCSI host bus defined ^tiuchrnomtoffs signals appearing on tiie PCI bus 7. 

adapter, a LAN adf^yter, a g^qrfdcsadq)ter, an audio peripb- 30 In a typical DDMA transfo, the CPU 1 continues to access 

cral device, etc A second bridge ctrout (also known as a the DMA controller in the second bridge drcuit 15. If an 

Sooth bridge) 15 is coupled between the PCX bus 7 aikd an access is «tti-«*r>>^ to a DMA channel di^ is distributed in 

expansion bus 17 such as an ISA EISA bus. C^oupledto sooke FOperiphenO, the DDMA Master collects or distrib- 

the expansion bus are a plurality of perqiberal devices such ntes the data befcre letting the CPU conqilae its accesses to 

as a bos master 18, an JK> slave 19, and a menxay slave 2t. 35 the DMA f^«tin#>i Tbe DDMA Master will assert the 

A bos master is a device that is cq»Ue of initiating a data necessary control signal(B) sach that the CPU **diinks'' that 

transfer wiA. anoQiex devioe. it is accessing a standard 8237-faased dwrfgn even tfuxig)) 

The second bridge 15 typically contains one or mace those rcgisten are not located with the DMA ooidxoncr(s). 

controllers for haiidling Direct Memczy Access (DMA) Ibere are several sitoatioDS in which a distribated pcz^- 

belween die oiainrDemcay 11 arid a peripheral ooopled to the 40 eral will not reapcnd during a DDMA access by the CPU 

expansian bus 17. Tbe DMAoontroIlcr in bridge 15 is, dius, (via the bridge drcuit 5) or another bos master ccn^xment 

a bos master; One such contrcto is the 82C37A-5 high These situations indnde wbac: 1) the petqiberal device is 

perfcHTDaDce prDgrammable DMA controller manufactured electrically shut off, 2) the peripheral is coupled to an 

by IntdCoipmlioa of Santa Clara, CaUf. A description <tf additional Pd bus coupled to the PCI bus 7 and the 

the operation of the S237A controller can be found, for 45 additional FCI bus is physically detached horn the PCI bos 

cxan?)ie.atpages5^to5-21aftfiedatabook*l»ttipheral 7(e.g.,whenanotd>ookcorapaterispuUedoutof adoddng 

(Components" 1995 published by Intel Corpoiatioo, the station) cr ttie bridge circuit coiqiling the two bosses 

disclosure of whidi is hereby incorporated by reference in together is not operating properiy, 3) the clock to such an 

its entirety. TWo such 8237 controllers can be coi^ded additional PCI bos is dmt off, cr 4) the pcrqihoal is in a low 

toother in a knofwn mimnrr to set iq> seven standard 50 power mode and is onable to reqxxid. lb a DDMA system, 

programming model DMA channels for seven devices if tbe perifibml device will not respond, the CPU 1 (cr the 

coiqiled to the expansioQ bus 17 or PQ bus 7. As is also bus master in question) wHl perceive a Master Abort on die 

known in tbe art, the DMA controllers handle the 1/0 PCI bus. During such a process the CPU 1 will disconnect 

^liandshaking^ sig^iais that exist on the eiqnnsioo bos 17 fnm fbt bos and retian the bus to an idle state so that it is 

andthePQbus7wha)datBi8beingtransfesredtQ/Gramtfae 55 available for use by another bus master device. In executing 

main memoy 11 (for example) and the peripberal devices a Master Abort, the bus master must set its Master Abort 

coupled to these bosses 7, 17 without interveatian by the Detected (crRecdved Master Abon) fait in its coofiguration 

CPU 1. The CPU 1 aiKi tte DMA controllers coanmumcate status rcfiister. 

via the control signal lines qipearing on the host bus 3 and Tbe sdtware that ultimately is seeking the transfer of data 

the pa bus 7 through the bridge drodt 5. 60 to^&om the pef4)heral devioe rnaydetertnine that the periph- 

Prior to a typical transfer between a perqteal devioe and eral device is being accessed even tfaoagji a Master Abort has 

die main memozy U, die CPU 1 transfers data to the occuned which can lead to effors in operation. Also, pct^- 

appropriate registers in die DMA controller assigned to a eral devices ttiat are powered down cannot be accessed at all 

particular DMA channel. The imtaaHzation data stofed in by anodier device until soch time as die per4[>beral devioe is 

these registers tyi»cally conoem the start address in main 65 powered 1^ AcoonUngily, there is a need for a method and 

memoay, the type of transfer (e.g., read or write operation), aj^iaratus diat provides for a peripheral device to be easfly 

etc The (]PU1 then enables die peripheral device to initiate powered iq> so as to particq>8te in PCI VO without a 
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significantiossofpcrf(HiDaiKx.Tbcieisalsoaneedfarabus Coupled to the PCI bus are a plurality of pecqihcral corn- 
system archilBCturc ttiat provides te lower overall system ponents 40*^ fc. An additional PCI bus 44 is coupled to PCI 
power consunmtion. Bnthaincre, there is a need for a bus 42 via an additional bridge 41. A further peripheral 
method and apparatus f» managing peripheral devices that device 4(k is coupled to this addition^ M bus 44. In thi^ 
aUows for determining causes for Master Abort aiors that 5 embodiment, the further pm^cral device contams a 
occur in a computer ^stem. »^ve component wtich m^to the bus master 

^ ' registos necessary for conducting DMA accesses fcH* its 

SUMMARY OF THE INVENTION assigned channel as described in the aforementioned DDMA 

jffotocoL A second bridge circuit 43 is provided coiq)led 
These and otha needs are satisfied by the mettiod and betwea the PCI bus 42 and an expansion bus 45 to which 
qiparatus of the present invention. In a first embodinoent of per^)heral devices S%o-< are coupled. The second 

the present invention, when an access is attcnqtted to a bridge 43 indudes the DDMAMasterccm^KXient 43a which 
peripheral device that cannot respond (e.g., because it is operates acoofding to the DDMA protocol mentioned above, 
powered down, or disconnected horn the bus, etc.) an and a DMA controUo: whidi can be two 8237A DMA 
intemq)t, such as a System M anag eme n t IntemqiC (SMI), is controllers c<nmectcd in series so as topiovide seven DMA 
generated rather than allowing the access end in a Master rhannrijL 

Abort condition. During the exeoition of the System Man- In a write operation to initialize DDMA control registers, 
agenocot Mode software caused by the generation of the the CPU 31 attempts to access a DMA channel via the DMA 
SMI, carective actions are taken by the CPU so that tiie controJlff 436 of the seowid bridge circuit 43 by writing to 
peripheral device can respond when the I/O cydc is retried ^ a channel address. In this cxan5)le, the CPU 31 is attcnqjting 
Fot example, if the execution of the BIOS code powers ^ initiate DMAregistcrs to configure DMA channd A 
downapa4)hcraldevice,afaitissetinamenKHydeviceol register 51 (see FIG. 3) in the DDMA Master 43o of the 
a DDMA Master oonoponent When an attenqit is made to second bridge drcuit 43 stores an indication of wfaetlur 
pcrfonn a DDMA transaction with the device that has been channel © is a distributed DMA channel or not (seven 
powered down, the DDMA Master oon^ooent recognizes ^ channels are provided with channd 4 being reserved for 
this fact and generates an SMI intemq* to the CPU instead cascading two 8237 oontrxiilers having four diannels each), 
of attempting the DDMA transaction. During the exeoition ^ exanq>le, a value indicates that channel • is a 
of the System M n nag c m mt Mode (SMM) code (in reqwnse ddma diannel and is assigned to pcr4)baal device 4$e 
to the SMI intenupt), the central processing unit attenqits to coupled to the additional FO bus 44. One skilled in the art 
power up the pet^ibcral device so that the DDMAtransac- ^ ^ appreciate that a DDMA transfer can also occur with 
tion can be completed when retried. peripheral devices coupled to the PQ bus 42 (e.g^ pei^jh- 

In an alternative cmbodiiuent, vAiea an abort oondition eral devices 4%a, b% for eiumple. The register 51 loca^n 
exists on the bus after an access is made to a for channel # indicates that it is distributed by storing a **1'' 

distributed DMA channel pet^iberal device (e.g., a Master value ifaercuL Since the peripheral conctpooding to channel 
Abort), a indication of that event is stored in a memory 35 • Is distributed, flic attenqit by the CPU to write to initial- 
device for that particuhff channel When such an indicaticHi ization registers associated with channel • in the DMA 
is stored for a particular channcU an SMI interrupt is controller 436 will not be successful Accordingly, when the 
genoated. During execution of ttie SMM code, die central CPU 31 initiates the write operatiao (Le., a PQ I/O cyde) 
processing unit (C3^ seeks to drtmninc the cause of flit on the PCI bos 42, the DDMA Master 43d takes control of 
Master Abort and takes collective action. For exanqde, the ^ the FO I/O cyde by driving a control signal DBVSEL0 
CPU may determine that the per4)beral device is powered active (via the second bridge drcuit 43). When flie CPU 31, 
down and takes appropriate actions to have it powered up via flie bridge drcuit 33, sees fliat flie raVSEL# signal is 
again so that a retry of the DDMA access will be suocessfuL active, it assumes that the taigct device has recognized its 

address on flie PQ bos 42 (via flie DMA controller 4ab). 
BRIEF DESCRIPnON OF TBE DRAWINGS ^ n,c DDMA Master 43a flien asserts a PO request signal 

FIG. 1 is a coomuter system for inulcmenthig a Direct (e.g., asserting a signal on a FORBQ pin) to request use of 
Mcanory Access operation as known in flie art. flw Pa bus 42 and also issues a PQ retry to terminate flds 

mn ^ u • ^^^^^^^ • i>sc*niw pBtticular VO cyde. A PQ retry is flie assertion of flie 

^^j^ t^^^^-!^^!^^^ SraWMgnal a^ deassertioa of flie TTOY# signal while 

die inethod and apparamscf flie pr^in^ TOs informs t^U flmt flie target (Le. flw 

FIG. 3 shows memory devices, sudi as legbters, us^ to ppj^ ^^^^ ^ ^ peripheral device 

control the operation of the conq)uler system shown in FIG. 4tc) does not intend to transfer the current data and flie CPU 

2* must stop the current transaction and retry flie same trans- 

FK}. 4 is a flow diagram of flie operatitm of the System ^ action at a latffthne. The first bridge drcuit 33 will deassert 

Management Mode code according to die present invention. its PO request on behalf of flie GPU 31. 

Tvcrw^ATT <7*^ Txw7€^r^mw^ij When flie DDMA Master 43at in response to its PQ 

OTTAILED DESCRiriJUN request signal, is granted flie PObus by arbitraticm circuitry. 

An exenqdary environment for a DDMA system is shown it performs one or more write cycles to ttic ped^iheral 40c 

in FIG. 2. As in FIG. It a CPU 31 is ooi^)led to a first bridge 60 (wha the per^eral daims the transaction by asserting flie 

circuit 33 via a host bus 32^ The first bridge drcuit contains DEVSELf signal on the bus) to send flie ap pro pri ate channd 

a cache controller for cootrolling cache memory 39 and a write information for the DMA transaction (e.g., starting 

main nmoiy controller for controlling main memory 35. base address, word count, etc). The DDMA Master 43a 

The first bridge drcuit can also be coiqiled between the main knows the proper address for accessing the peripheral 4tc 

monory 35 and flie host bus 32 and a bus, such as PCI bus 65 and uses flie data obtained during the original wr^ cyde of 

42, to h«nrfi<> the transfer of data to/from main memory. The the CPU 31 to determine flie proper values to write to the 

first bridge drcuit 33 oonpies the CPU 31 to the PCI bus 42. per^toal 40^ and to flie DMA controller 43fr. The DDMA 
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Master will then deassot the PQ REQ signal line and wait which device caused the Master Abort whidi can also be 

for the CPU to attcziq)t the retry of the write operation. When detomined from the registers in the DDMA Master. The 

the CPU retries the cyde, the DDMA Master 43a simpiy operation of the code then atte[X9)ts to see what caused the 

ooiiq>letes the 1/0 cycle because the data has already been Master Alxst in the perii:iieral device by first d^cnnining if 
written to ttieper^eral device 4Uc.Subsequendy, the DMA 5 the accessed pcripboal device is powered down in decision 

transfCT takes place brtwccn the main memory and the block 63. If the pcrqAeral device is powffed down (Le.» 

pcnphcral device. <^>crating in a low power consui]q)tton mode where die 

A read <q[)eration is similar to the write operation. Once device is eitiLcr consuming a relatively small amount of 

again , the DDMA Master 43a recognizes when the CPU 31 powo* or no power at all), then the device is caused to power 
is attenqiting to read status information/data from fte DMA 10 up (e.g., by issuing a psoper oonunand to the controller 

controller 43*. The DMA Master 43a asserts DEVSEL#, device which controls the powaed-down peripheral device), 

issues a PCI REQ signal, and issues a PCI retry to the CPU Subsequently, and as a last step^ the code forces the CPU to 

31. When ttie DDMA Master gains access to die PCI bus 42, the DDMA transaction that ended in a Master Abort 

it reads the individual channel read information frtHn the since the device is now powered 19 and ready for the 

peripheral device 4le. When the CPU 31 executes the retry 15 transaction, it is not detomiiied that the accessed pcziph- 

of the read operation, the DDMA Master returns the indi* eral device is in a low power OAode, oontroi passes to 

vidual channel read information. As seen above, it is the role decision block €3a where it is AM^minf^ whether the 

of the DDMA Master device to redirect some VO cycles peripheral device is electricaUy shut off. If the device is shut 

to/from the standard DMA controllers as 1^0 cycles to/from off, control passes to block 64a^ ^^ere an ou^t message or 

DMA slave chann e l s. 20 the like is generated in order to obtain user assistance in 

In a DDMA system, if the perqtoal device will not tumlDg on tiie per^iheral device. Cootrcd then passes to 

respond to the DDMA Master (Lt^ it will not daim the decision block 65 ^^lere the operation of die code deter- 

(ransaction by asserting the DEVSEL# signal), an abort mines if the bridge circuits(s) (e.g., bridge drcuit 41 in FIG. 

oonditioii, such as a Master Abort in a PCI architecture csdsts 2) between the per^eral device and die DDMA Master 43d 

on the bus. During such a process the DDMA Master will 25 is(ate) cpasting conectly. If they are not, cootrol passes to 

deasscrt the IRDY# signal line and return the bus to an idle tdock 66, where a message is ou^ to the user indicating 

state so that it is available for use by anodwr bus master tlut a particular bridge circuit is not opcrathig property, 

device. In executing a MasterAboit,ttie bus master (e.g., the the bridge drcnlts are operating ooaectly, control passes to 

DDMA Master in this case) must set its Master Abort dedsioo block 67 where it is determined wfaedier die drcdt 

Detected (or Received Master Abort) bit in its configuration 30 is oomplete between the DDMA Master and fiie perq)hcral 

status register. By recogniziitg the Master Abort on the PCI device (induding wfaetlicr tl^ dockipg signal is being 

bus and in acoadanoe with the present invention, a register supplied to an additional bus), ff the connection between the 

53 (See FIO. 3) is added to the DDMA Master ccanpooent two devices is fan^em (e.g., when a note-book coaaputer is 

43a which stores hifbrmation as to whether a Master Abort removed frtnu a docking station), a message is output to the 

has occurred with a apeciflc DMA cfaannd. In this 33 user indicating that an access was attenqpted to a device that 

embodiment, register S3 has txinaty locations for each of die is missing in block 6S.()0ierwise,c(Mitrol passes to decision 

DMA diannds, and a "^l** value indicates diat a Master bloGk69, where tlie operation of the SMM code detecnines 

Abort occurred during the last access to that particular wh^her die accessed device is powered up and the circuit 

dianneL Assuming that Channd • does not respond (^^lich between die DDMA devices is complete and operable. If 

is supped to peripheral 4#c in FIO. 2), the bit oonesponding 40 these conditions are true axul the pecqihecal device failed to 

to channd # in register 53 will besettoa"!.* The register chum die trBnsacti<m, theo either the pdnter hi the DDMA 

locati<Misarecoiq)ledtoanNORgate54,anditsou1^wiIl table is inoonect, or tlie pecqiheral itself is brcdoca. In that 

indicate when any of the bits in register 53 are set to a "1** situation, cootrol passes to block and a message is ouQjut 

value. When die ou^ of die NOR gate is set to a ^D," an to the user: the SMM intern^ was generated for some 

intcmq)C such as a System Managemeot IntemqpC (SMBI^) is 45 reason other than a Master Abort condition or a foiled access 

generated by the DDMA Master. In this embodiment, die of a peripheral osiitg die DDMA Master, die SMM code 

SMI request is seat to the SMI#iiqNit of die CPU 31. U^ continues to operate as before. 

teoeqjft of the SMW interrupt, the CPU 31 latciies die Refeodng again to FIG. 3, a third regtsto-'^ is shown that 

inteoiqit internally, and wlien the SMI# is recognized 00 an can be used in coDjunction with powering up a p er ip her a l 

instcuction boundary, the CPU 31 will go into a System 50 operating in a low power ooosomption Diode. In a computer 

Management Mode (SMM) and assert its SMIACr# signal system, the Basic Itqxit^Output Systan (BIOS) software can 

Duiii^ System Managcnoent Mode, die CPU 31 executes be used to power down a peripheral oo^ed to the PCX bus 

code out of System Ma nagcment Random Access Memory 42 (including devices coi^ded to other basses coined to die 

(SMRAM) which can be part of die main mcmoiy 35. An PCI bus 42, such as per^iheral 4$e). BIOS also has access 

cxanqjle of die SMM code can be found in most modier- 55 to die registers wiOiin die DDMA MasteL Thus accordmg to 

boards and is typically provided by the (Mginal Equ^xment anodia rmhodimmt of die present invention, if die BIOS 

Mamifinrtiirer (OEM). Rrfjening to FIG. 4, die SMM code is code operates to power down a peri|teal that is assigned a 

altered somewhat to include further features commensurate DDMA channd, then an appropriate bit is set in register 75 

widi die generation of die SMitt interrupt In dedsbn block of FK3. 3. Fdr example, if the BK>S code operates to place 

61, die operatioD of die code first checks to see if an SMB^ 60 pcrqiheral 4tc hito a low power naode, dien die first hit of 

internet has been generated. Subsequent to die detection of register 75 is set to a Accordingly, prior to any access 

die SMP intecnqjt, die operaticm of ihc SMM code deter- of die peiqtoal device 4«c by die DDMA Master, register 

mines at decision block C2a whether a Master Abort caused 75 is accessed to determine whdherdie BIOS had powered 

die SMI# interrupt which is drtmninfid by aooessii^ die down diat device (wliich is accessed as DMAdiannd If 

configuration status register of die DDMA Master and 65 the Ut is set, ttien an SMI#intcnupt is generated so that the 

accessing the RMAbdL If a Master Abort has oocuned, the device can be powered up prior to executing the DMA 

operation of die SMM code then detennines in block 62b access (in a manner similar to the operatioo of the SMM 
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code in blocks 63 and 64 of FIG. 4). After ttit device is 
powered up dunng execution of the SMM code, the afpro- 
priate bit in register 75 is les^ and tiie DDMA Master 43 a 
farces CPU 31 to retry tlie DMA operation, as discussed 
above. 

While in a low power mode, the DDMA Master device 
43o can recognize ttiat an access is being aSXaaptcd to a 
device that is powered down. Since peripherals such as 
device 40c need not recognize PO I/O cycles on the bus, 
diese devices can be powered down to reduce powa con- 
sunq)tion*The Master Abort can be used to indicate that the 
peripheral device 4fc has been placed in a low power 
consunq>ti(m mode and an SMfi!^ intenupt can be generated 
at that time to power up the perqtoal device. Alternatively, 
an SMJM intanq>t is generated instead of waiting f<x a 
Master Abort condition, and the interrupt causes tbt per^ 
eral device to be powered up for the iq)coming DMA 
transaction. Thus, the method and qiparatus of tike present 
invention achieve a great savings in overall system power 



10 



IS 



coupled to said bus via a bridge circuit, and i^ierein said 
additional bus is disconnected from said bus causing said 
peripheral device to fail to nspood to said DDMA Master 
coni^Kinent, said central processing unit outputting a mes* 
sage i Minting said failure. 

8. The method of claim 1 wherein said peripheral device 
is coupled to an additional bus which is amiable of being 
coq>led to said bus via a bridge circuit, and wherein a 
clocking signal si^iplied to said additional bus is shut off 
causing said per^eral device to fail to respond to said 
DDMA Master oQn9>oaent, said central processing unit 
outputting a message indicating said failure. 

9. The method of daim 1 wherdn said peripheral device 
fails to respond because it is electrically shut off and said 
failure to respond is detected by said central processing unit 
during said executing ste|iL 

10. Amelbodof <^)erating a conqNiter system conqvising 
a coitral processing unit, a Meet Memory Access (DMA) 
controller, a Distributed Dhect Memory Access (DDMA) 



consumption. Also, rince the pcriphenl device need not 20 Master componem and a pmph^ 



recognize PCI K> cycles on die bus while operating in a low 
power consumption mode, additional hardware at the 
peripheral device to recognize ^/bcn it is being accessed is 
not needed. 

What is dahncd is: ^ 

1. A method of operating a conqxiter system con^rising 
a central processing unit, a Direct Memory Access (DMA) 
controller, a Distributed Direct Memory Access (DDMA) 
Master coaqx>nent and a peripheral devke ooBpled together 
by at least oaie bus, when the perqAieral device foils to ^ 
respond to a DDMA transaction oontroUed by said DDMA 
Master cooqxKient, die method ooniprising; 

generating an abort condition on the bos, when said 
pciqjheral fsils to reqiond; 

storing an indication that said abort condition occuned 
because the frilure of said pec^eral device to 
respond to said DDMA Master compoient; 

g«imting Ml Intgmyt to said central processing unit: and 

executing code in said central processing unit to deter- 
mine the cause of the failure of said p a ipb cr a l device 
to respond to said DDMA Master compcmeot 

2. The m^od of claim 1 wherein in said generating an 
abort condition st^ said peripheral device fafls to respond 



tiy at least one bus, die method comprising: 
caiecuting Basic Lqynt/Oulput System (BIOS) code from a 
memory ooi^led to said central processing unit to 
cause said peripheral device to be placed in a low 
power oonsun^tion mode; 
storing an indicarion that said per^iheral device is in a low 

power ooosuinption mode; 
upon initiation of an access to said peripheral device, 
deteimimng whether said pct^iberal device is opcrathig 
in a low power consunt^cn mode prior to accessing 
said peripheral device by the DDMA Master oonqxy 
nent; 

gotcrating an interriQit to said central processing unit; and 
#r,^itSng aHftirinami oodc In Said ccDtTal prooessiog unit 
causing said central processing unit to power \xp said 
per^liheral device. 
IL The method of daim 19, wherein said bus operates 
according to a Per^iiieral ConqxMient Interconnect (PQ) 
40 arefaitecture, said inteoupt is a System Management Inta- 
Tvpt (SMSIf), and said additiomil code is System Manage- 
meot Mode (SMM) code. 

IZ The method <tf daim It wherein in said catccnting 
BIOS code step said pei^eral device is dectricalty shut 



3S 



because said peripheral device is operating in a low power 4s and said peripibenl device is powered up by said central 



oonsnn^oo mode and in said f^fr"Hng step said failure to 
respond is detected by said central processing unit 

3. The method of daim 2, wherdn in said executing stq>, 
ftfliM central processbog unit causes said per^cral device to 
be powered 19. 50 

4. Hie method of daim 3, further o omprising : 
retrying said DDMA transaction after said peripheral 

device is powered iq>. 

5. The mediod of daim 4, wherein said bus operates 
according to a Perqtoal Conqwnent Interconnect (PCI) 55 
architecture, said abort is a Master Abort condition, said 
internet is a System Management Intemqit (SMItf), and 
said code is Syrtem Management Mode (SMM) oode^ 

6. The method of daim 1 wherein said perqiieral device 

is coiQied to an additicwal bus ooapled to said bus via a 60 
bridge circuit, and wherein said failnre results from said 
bridge circuit operating in an imp roper manner causing said 
pecqiieral device to fail to respond to said DDMA Master 
component, said central processing unit outwitting a mesr- 
sage indicating said f aihne. 65 

7. The method of daim 1 ^(toein said peripheral device 
is coiqiled to an additional bus whidi is cqoUe of behg 



processing "trf* during said n^^^^^g additional code step. 

13. A method of operating a ocnqNiter system comprising 
a central processing unit, a Direct Memory Access (DMA) 
contidler, a Distributed Direct Memory Access (DDMA) 
Master cooq>onent and a peripheral device coqiled together 
by at least one bus, whes the peripheral device fails to 
respond to a DDMA transactioii controlled by said DDMA 
Masta compooent tvecause the peri^pheral is oper«ting in a 
low power consumption mode, the mediod c onyrising : 
generating an abort condition on the bus, when said 
pezqiheral foils to rcqxmd; 

staring an indicatioo tbst said abort condition occurred 
after the failure of said peripheral device to re^nd to 
said DDMA Master conqMnent; 

generating an intemqit to said central processing unit; 

AMt^n^ said failure to respond by said central prooess- 
isg unit; and 

powering up said peripheral device by said central pro- 
cessing unit 
14 A ooiiq»uter system comprising: 
a central processing nnit; 
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a perq^eral deWoe coupled to said central pcocessing unit 
via at least one bus; 

a Direct Memoiy Access (DMA) contrcdlcr coupled to 
said bus and controlling Direct Memory Access trans- 
actions on said bus; 

a Distributed Direct Memory Access (DDMA) Master 
conqiwnent coupled to said bus and imh'ati'ng Distrib- 
uted Direct Memory Access transactions over said bus 
including said per^)heial device, such that ^^len said 
peiq:ticral device fails to respond to a DDMA transac- 
tion directed to said peripheral device by said DDMA 
Master conqMnent an abort condition is generated on 
the bus and said DDMA Master coiiqx>ttent stares an 
indication said peripheral device Med to respond and 
generates an interrupt to said central processing unit; 
and 

said central processing unit is programmed to operate 
such that when said interrupt is received, said central 
jHocessing unit determines the cause of the failure of 
said pcxxftml device to respond to said DDMA Master 
con^KMient 

15. The system of claim 14 \i^erein said peripheiHl device 
fails to respond because said perqiheral device Is operating 
in a low power oonsunqition niode and said ftilure to 
req>ond is detected by said oenfiral processing unit 

16. The system of daim 15, wherdn said central process- 
ing unit is programmed to cause said per^iheral device to be 
powered up. 

17. The system of claim 16 wherdn said bus operates 
according to a Per^iheral Component Ihtcroonnect (PQ) 
architecture, said abort is a Master Abort condition, said 
interrupt is a System Management Ihtemapt (SMfi»), and 
said central processing unit is p rogr am med Ming System 
Management Mode (SMM) code 

1& The system of daim 14 wherein said pet^liheral device 
is coupled to an additional bos ooui^ed to said bus via a 
bridge circuit, and wherein said failure results from said 
bridge circuit operating in an impropermanner rt^n<y| pg yajj 
pex^iheral device to fail to respond to said DDMA Master 
conqKaent, and said central processing unit ou^wtting a 
message indicating said failure. 

1 9. The system of daim 14 ^tocin said peripheral device 
is coufded to an additional bus whicfa Is capable of being 
coupled to said bus via a hddge circuit, and wherein said 
additional bus is disconnected from said bus causing said 
peripheral device to faQ to respond to said DDMA Master 
compoocntj and said central processing unit oulpatting a 
message indicating said failure; 
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20. The system of daim 14 Mdierdn said peripheral device 
is coiqded to an additional bus wfaidi is cquUe of being 
coq>led to said bus via a bridge circuit, and wherein a 
clocking signal siq)plied to said additional bus is shut off 
causing said pexq)heral device to fail to respond to said 
DDMA Master component, and said central processing unit 
outputting a message indicating said failure. 

2L The system of daim 14 wherein said peripheral device 
fails to respond because saidper^eral device is electrically 
shut off and said faihire to respond is detected fay said central 
processing unit 

22. A conqxiter system conqnising: 
a coitral processing unit; 

a per^ibcral device coupled to said central processing unit 
via a bus; 

a Direct Memory Access (DMA) controller coq>led to 
said bus and controlling Direct Memory Access trans- 
actions on said bus; 

a Distdbuted Direct Memory Access (DDMA) Master 
conqxmeot coupled to said bus and inttiftring Distrib- 
uted Direct Memory Access transactioDs over said bus 
including said p er ip heral device; 

said central processing unit is cqiable of executing Basic 
IqNit^Oulput System (BIOS) code to cause said periph- 
eral device to placed in a low power consumption mode 
and to store an indication Hat said perq)hcral device is 
in a low power oonsunqkdon mode; 

said DDMA Master corqx>nent operating to generate an 
intenupt to said ccomd processing unit ^^n said 
peripheral device is operating in a low power consump- 
tion mode prior to acnrssfng said pcrq)herai device in 
a DDMA transaction; and 

said central processing unit executes additional code 
causing said central processing unit to power up said 
peripheral device. 

23. The system of daim 22, wherein said bus operates 
according to a IVrqibcral Onqranent Interconnect (PCI) 
ardutecCme, said intern^ is a System Management Inter- 
rupt (SMii), and said additional code is System Manage- 
ment Mode (SMM) code. 

24b The system ^ daim 22 wherein said central process- 
ing unit cxrmting said Basic Lqput/Oulput System (BIOS) 
code causes said perqteal device to be electrically shut off. 
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